оГЛяД ЛІТерАТурИ but its largest number is found in cerebrospinal fluid, milk, and sperm. Interestingly, the concentration of Cys C in the cerebrospinal fluid is about 5.5 times higher than in the serum. Also, the level of this peptide can be determined in urine and saliva [5] .
CysС is produced by virtually all cells in the body containing the nucleus. The sustainability of Cys C products, as well as other similar inhibitors, protects the body from uncontrolled activation of proteolysis. Cys C products are considered to be practically independent of such factors as inflammation, age, sex, muscle mass, tumor growth and degree of hydration of the organism [10, 16] .
It is believed that the elimination of Cys C by 99 % is done by the kidneys. Cys C is freely filtered in glomerular capillaries, and since its molecule is not exposed to either tubular reabsorption or secretion, it can be considered almost a perfect marker of gFr. The concentration of Cys C in serum should be inversely related to the size of the gFr since when it enters the tubular space during reabsorption, Cys C is almost completely metabolized in the proximal convulsive tubule [14, 18, 20] .
The notion of the cardiorenal syndrome, the role of cystatin C in the prediction of cardiovascular death. The close relationship between the CV system and the kidneys is well-known. The relationship between dysfunction of the kidneys and the CV system is multifaceted and is based on the type of feedback. In this context, the kidney can act as a target organ and take an active part in the formation of systemic metabolic and vascular pathological processes. Violation of the functioning of any link leads to the activation of the renin-angiotensin-aldosterone system and sympathetic hyperactivation, the development of endothelial dysfunction and chronic systemic inflammation. Thus, the complex pathogenetic circle closes, resulting in the progression of cardiac and kidney dysfunction, myocardial and vascular remodeling, and the increase in morbidity and mortality. This pathophysiological state in modern medicine was called the cardiomorphic continuum [7, 27] .
Since the cardiorenal syndrome is ambiguous, in 2010 a group of researchers from the Acute Dialysis Quality Initiative group (ADQI) published a conciliation document, "Cardiorenal Syndromes", highlighting 5 main types according to the nature and primary severity of heart or kidney damage [4, 9, 44] : -type 1 (acute cardiorenal) -acute deterioration of the heart function causes the development of acute renal failure; -type 2 (chronic cardiorenal) -chronic pathology of the CV system causes the development and progression of chronic renal failure; -type 3 (acute renocardial) -acute renal dysfunction causes acute cardiovascular damage; -type 4 (chronic renocardial) -chronic renal dysfunction (chronic kidney disease) leads to deterioration of the function of the heart, myocardial hypertrophy and/or increased risk of CV catastrophes; -type 5 (secondary) -the deterioration of the kidney function and the CV system occurs in parallel and has the same cause of development. In this context, the importance of gFr becomes important, which decrease should be considered as an independent risk factor for the development and progression of cardiovascular pathology and mortality [4] .
In a series of large population studies, it has been shown that even initial renal impairment, when the serum creatinine level is within normal range or slightly elevated, is accompanied by a sharp increase in CV morbidity and mortality [36] . The results of a number of other studies have confirmed that the deterioration of the functional state of the kidneys in patients with hypertension was associated with a deterioration of the CV prediction [30, 45] . In a series of meta-analyses, which included hundreds of thousands of cases, a critical level of gFr was identified, at which the risk of cardiovascular and total mortality was about 75 ml/min / 1.73 m 2 [14] . Such data prompted researchers to detection and detailed study of earlier markers of renal dysfunction, one of which is Cys C. In many studies, a correlation was found between the increase in serum Cys Cor the values of gFr, calculated on its basis, and the incidence of cardiovascular events [14, 15, 18-22, 28, 43, 47, 48, 50] .
An analysis of the results of the NHANES III study showed that Cys C was associated with overall mortality in men belonging to medium-high coronary risk groups and cardiovascular mortality in women with low-risk [51] .
MESA and CHS studies involving around 12,000 people showed that the evaluation of gFr only on the basis of Cys C proved to be a more reliable predictor of cardiovascular mortality than the determination of this parameter based on creatinine or the combined use of Cys C and serum creatinine [40] .
The Atherogene study, which involved approximately 1,900 people with ischemic heart disease and gFr ≤ 60 ml/min / 1.73 m 2 , showed that Cys C was a reliable predictor of cardiovascular death, regardless of classical or nonclassical coronary risk factors. In this case, serum creatinine did not depend on the effects of coronary heart disease [26] .
In chronic kidney disease of 3 and 4 stages of non-diabetic etiology, Cys C also proved to be a predictor of cardiovascular lethality. Interestingly, its prognostic value was even slightly higher than the gFr, which was detected by the clearance of iothalamate [34] .
Cystatin C and arterial hypertension. Higher levels of Cys C were associated with the presence of arterial hypertension in adults without clinical manifestations of chronic kidney disease, which was confirmed in a large American population study. However, this dependence was observed only in women [46] . In patients with hypertension, the serum Cys C level correlated with albuminuria, left ventricular myocardial mass index, intima of the general carotid artery and the mean systolic blood pressure (measured by daily monitoring) [49] . The abovementioned data allow us to consider Cys C as a sensitive marker for the severity of heart and kidney damage in essential hypertension.
In addition, in hypertensive patients with coronary heart disease, Cys C is associated with severity of coronary artery disease, homocysteine levels in plasma and traditional risk factors. It was also found that Cys C serves not only a marker of renal dysfunction but also a marker of chronic inflammation in patients with hypertension [17, 18, 37, 38] .
According to the data of the daily monitoring, it was also found that the level of Cys C closely correlates with the values of systolic, diastolic and pulsed AP and the level of albuminuria. These data also indicated that even at the early stages of hypertension Cys C or gFr, calculated on its basis, were the best predictors of the appearance of microalbuminuria than creatinine clearance or gFr, calculated on its basis [22, 27, 33, 38] .
Important is the fact that in patients with hypertension, the concentration of serum Cys C was directly related to the severity of myocardial hypertrophy. In this case, there was no reliable relationship between creatinine and gFr calculated on its basis and characteristics of myocardial remodeling. Also, in the case of primary hypertension, a clear association was found between Cys C with the index of renal vascular resistance [37, 41, 42] .
The role of Cys C in predicting stroke development is controversial and requires further research. However, there is a large-scale meta-analysis, which includes more than 22,000 cases, in which the high level of Cys C is clearly a reliable and independent marker for stroke [29] . A large Chinese study, which included 3,348 patients with acute ischemic stroke, showed that a low gFr level combined with a low LDL level ≥ 4.14 mmol/l, was a predictor of adverse events throughout the year in this category of patients [53] .
cystatin c in ischemic heart disease. In patients with myocardial infarction in the acute phase, the concentration of Cys C in blood plasma was significantly higher than in patients with stable or unstable angina pectoris. In addition, with further followup for 6 months, the development of cardiovascular complications was associated with higher levels of Cys C in plasma [20] .
Also, the prognostic significance of Cys C was evaluated in 726 patients with or suspected acute coronary syndrome without elevation of the ST segment. The develop-оГЛяД ЛІТерАТурИ ment of myocardial infarction or death was assessed after 40 days and 6 months. The high level of Cys C proved to be a reliable predictor of the lethal outcome, but not the development of myocardial infarction [25] . But there is another work involving 1,128 people with acute coronary syndrome without elevation of the ST segment, but with an elevated level of troponin T, in which there is a clear link between the concentration of Cys C and the development of myocardial infarction over the next 3 years [50] .
Taglieri N. and co-authors observed patients with acute coronary syndrome without elevation of the ST segment throughout the year and found that high levels of Cys C correlated with a higher incidence of cardiovascular death, nonfatal myocardial infarction,and unstable angina pectoris. In this case, gFr (calculated according to the MDrD formula) or creatinine was not an independent predictor of negative cardiovascular events in this category of patients [48] . In patients with acute coronary syndrome with an elevation of the segment of ST, an elevated Cys C level might suggest a greater likelihood of further hospitalizations for congestive heart failure. In this category of patients, Cys C was also a predictor of the development of left ventricular dysfunction within 6 months of post-myocardial infarction [15, 23] .
Cys C was also a significant predictor of coronary events even in patients without cardiovascular diseases, which was confirmed in a large Swedish MDC study, which involved more than 5,000 people [32] .
Cystatin C as a predictor of heart failure development. There are a number of studies in which there is a close relationship between the level of serum Cys C and the development of heart failure. For the first time, the scientists stated this based on the Cardiovascular Health Study. Cys C proved to be a more accurate indicator of the probability of occurrence of heart failure than creatinine, especially in those surveyed with normal kidney function. Therefore, Cys C can serve as an independent predictor of heart failure in people without chronic kidney disease, whereas the gFr calculated by the MDrD does not have such prognostic capabilities [47] .
The results of the Physicians' Health Study have shown that elevated Cys C levels were associated with an increased risk of developing heart failure, but this relationship was clearly seen only in people with arterial hypertension [17] .
Interestingly, increasing the concentration of Cys C with approximately equal reliability involves undesirable clinical consequences in patients with the presence or absence of microalbuminuria, suggesting the presence of other mechanisms, and not just an increase in the excretion of albumin in the urine. cystatin c and diabetes mellitus. Cys C is also gaining tremendous value in patients with diabetes, as it helps to detect renal dysfunction earlier than all available methods in clinical practice for evaluating this condition (even earlier than microalbuminuria) [11, 13, 24, 52 ]. An important feature of Cys C is that it is capable to react responsibly to fast transient changes in gFr, which are particularly characteristic of type 1 diabetes [12] . Also, this indicator allows to predict the appearance of arterial hypertension in patients with diabetes and, to some extent, to assess the progression of coronary atherosclerosis in these patients [30, 45] .
conclusions. Due to its unique properties (independence from anthropometric, gender, age factors and comorbid conditions), serum levels of CysС should be considered as: -practically the ideal marker of gFr, which allows to predicted its decrease before creatinine; -a significant predictor of damage to target organs (heart and kidneys) in patients with hypertension; -an accurate and powerful indicator of prediction of cardiovascular events; -the earliest biomarker of kidney damage, which allows administeringtimely a renoand cardioprotective therapy in patients with CV pathology and diabetes mellitus. Prospects for further research. It is expedient to have a more in-depth study of the properties of Cys C in various pathological conditions, which can help to identify early kidney damage and prevent the development of renal failure and other complications.
